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Abstract 
While there has been an exponential increase in brain imaging research on psychopathy 
in the past two decades, knowledge on the brain basis to child and adolescent psychopathic-like 
behavior is relatively new. This adult and child research has potential future implications for the 
development of new interventions, prediction of future offending, and punishment. This review 
examines both adult and child literatures on the neural basis of psychopathy, together with 
implications for the criminal justice system. The adult imaging literature provides growing 
evidence for amygdala structural and functional impairments in psychopaths, and more variable 
evidence for prefrontal deficits. The emerging child and adolescent imaging literature with 
notable exceptions broadly parallels these adult findings and may help explain the development 
of fearlessness, disinhibition, and lack of empathy.  This knowledge places policy makers at a 
crossroads. Should new biological interventions be developed to remediate these brain 
abnormalities? Would imaging be used in the future to predict offending? Could imaging 
findings help excuse psychopathic behavior or alternatively argue for longer sentences for public 
protection?  This review attempts to address these issues at the child and adult levels and 
provides directions for future research that include the incorporation of biological measures into 
treatment programs. 
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Introduction	  
Psychopathy is a serious personality disorder that is disproportionately costly to society. 
Psychopaths are significantly more likely to make contact with the criminal justice system (Kiehl 
& Hoffman, 2010), commit violent crime (Carre, Hyde, Neumann, Viding, & Hariri, 2013), act 
out while incarcerated (Guy, Edens, Anthony, & Douglas, 2005), manage early release (Porter, 
Brinke, & Wilson, 2009), and recidivate (e.g. Hart, Kropp, & Hare, 1988; Porter, Birt, & Boer, 
2001; Kiehl & Hoffman, 2010; Richards, Casey, & Lucente, 2003; Cornell et al., 1996; Harris, 
Rice, & Cormier, 1991). Psychopathy is argued not to be culture specific—psychopaths are 
claimed to be found in countries all around the world (De Oliveira-Souza, Moll, Ignacio, & Hare, 
2008; Serin, Peters & Barbaree, 1990; Sevecke, Lehmkuhl, & Krischer, 2009) although whether 
the construct applies in East Asian countries remains to be firmly established. As such, 
psychopaths warrant worldwide scrutiny by researchers, and attention by lawmakers. 	  
Related in symptomatology to antisocial personality disorder and narcissistic personality 
disorder, it is not included in the Diagnostic and Statistical Manual of Mental Disorders (DSM). 
Regardless of this exclusion, psychopathy is widely acknowledged in the clinical, academic, and 
criminal justice worlds as a significant personality disorder. Importantly, psychopaths 
demonstrate signature deficiencies in affective experience, including lack of empathy, lack of 
guilt or remorse, and impaired affective processing. With the advancement of imaging 
technology and neural pathway understanding, evidence supporting theories of neurological 
substrates of adult psychopathy, particularly their affective deficits, is mounting. While brain 
imaging research has been increasingly conducted on adult psychopaths, it is only quite recently 
that this technology has been applied to juveniles with disruptive behavior disorders (DBD) such 
as conduct disorder and callous unemotional traits (CU) (De Brito et al., 2009). 	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This selective review will focus specifically on studies that used brain imaging (whether 
functional MRI or structural MRI) to measure structural or functional differences in 
psychopathic adults, or children with DBD and CU traits. Furthermore, it will selectively address 
only two main areas of the brain – the prefrontal cortex and the amygdala – which have been 
most extensively researched and have been consistently implicated in psychopathy. In the first 
part of this paper, for each of these brain areas we first review structural imaging research 
followed by functional imaging. After reviewing the adult literature, we then turn to imaging 
research on these same brain regions in children with psychopathic-like traits. In the second part 
of the paper we turn to implications of this basic science research for the criminal justice system. 
Specifically we cover three main areas: punishment, prediction, and intervention. Finally, we 
turn to broader implications for juveniles with psychopathic-like traits in the criminal justice 
system, together with guidelines for future research.	  
Amygdala Abnormalities in Adult Psychopaths	  
The amygdala has been identified as an area of interest in many brain imaging studies assessing 
neurological correlates of psychopathy. It is an important paralimbic structure that is considered 
the center of emotion processing, including empathy and conditioned fear acquisition and 
extinction (LaBar, Gatenby, Gore, LeDoux, & Phelps, 1998). Lesions to the amygdala impair 
visual recognition of emotion (Adolphs, Tranel, Damasio, & Damasio, 1994), auditory 
recognition of fear and anger (Scott et al., 1997), and in animals, has been shown to disrupt 
inhibitory avoidance learning (Bermudez-Rattoni & McGaugh, 1991) and conditioned fear 
(Hitchcock & Davis, 1986). In psychopaths, symptoms such as lack of empathy, blunted affect, 
and lack of fear are directly related to impaired emotion processing, and by implication the 
amygdala. Studies have hypothesized that impaired fear recognition plays a role in the lack of 
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empathy considered a core characteristic of psychopathy (Blair, 2008). As such, while the 
functional neuroanatomy of psychopathy involves multiple brain areas, a focus on the amygdala 
bears directly on the core feature of psychopathy and for this reason has garnered considerable 
attention in both psychopathic adults and adolescents. 	  
Structural MRI 	  
In adults, findings have not been completely consistent, but generally trend towards a 
volume reduction in the amygdala associated with psychopathy (Yang, Raine, Narr, Colletti, & 
Toga, 2009; Boccardi et al. 2011; Ermer, Cope, Nyalakanti, Calhoun, & Kiehl, 2012;  Tiihonen 
et al., 2000; see Schiltz et al. 2007 for a null finding).  In addition to their finding of significant 
bilateral volume reductions in psychopaths, Yang et al. (2009) identified localized surface 
deformations in four of the 13 nuclei: the basolateral, lateral, cortical, and central nuclei.  Yang, 
Raine, Colletti, Toga, and Narr (2010) further found that only unsuccessful (caught) psychopaths 
demonstrated significant amygdala structural deficits (basolateral and superficial nuclei), while 
successful (uncaught) psychopaths resembled controls. They argued that the structural 
deformations in these specific nuclei within the amygdala may contribute to the unsuccessful 
psychopaths’ inability to learn from punishment, response perseveration, and reduced stress and 
anxiety which can contribute to poor socialization.	  	  
Functional MRI	  
 Findings from fMRI research generally dovetail with structural imaging findings in 
observing reduced amygdala activation in psychopaths. The amygdala of psychopaths have has 
been found to be hypoactive during fear conditioning (Birbaumer et al., 2005), moral decision-
making (Glenn, Raine, & Schug, 2009), and social cooperation (Rilling et al., 2007). As 
expected, studies have also found the amygdala to be hypoactive in response to fearful faces or 
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other affect-related activity (e.g. Carre, et al., 2013, Kiehl et al., 2001). Nevertheless, Muller et 
al. (2003) found that psychopaths had increased activation in the amygdala (in addition to 
increased prefrontal activation) when viewing negative content (e.g. pictures of threatening 
animals, wounded people) which they interpreted as reflecting abnormal prefrontal – amygdala 
communication.  In interpreting this apparent conflicting amygdala finding, Kiehl et al. (2006) 
comment that the methodology used in Muller et al. (2003) differed from most other studies in 
that it involved a passive viewing paradigm which did not necessarily require full participation, 
nor the evaluation of affect. 	  
Frontal Abnormalities in Adult Psychopaths	  
The prefrontal cortex (PFC) is a major area implicated in antisocial and/or psychopathic 
individuals (see Blair, 2007). Responsible for a wide range of functions, it is perhaps best known 
as the center of “executive functioning”, functions which include behavioral flexibility, learning, 
sustained attention, and working memory (Puig & Gulledge, 2011). It is also part of a wider 
neural circuit underlying moral decision making and reward/punishment processing (e.g. 
Ciaramelli, Muccioli, Ladavas, & di Pellegrino, 2007; Glenn, Raine, & Schug, 2009). A variety 
of studies have tackled the question of whether prefrontal structure and function are related to 
psychopathy and to antisocial behavior in general. Additionally, some studies (e.g. Yang et al. 
2005; Raine et al. 1998) have worked to tease apart the complexities differentiating types of 
offenders and related prefrontal brain differences. 	  
Structural MRI	  
A meta-analysis of 12 sMRI studies examined the relationship between the prefrontal 
cortex and various forms of antisocial behavior (violence, psychopathy, and generic antisociality 
(Yang & Raine 2009). They found a significant association between ASB and reduced structure 
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in the prefrontal cortex (d=-0.37), although the small number of structural studies (n=12) did not 
allow for analysis of specific regions within the prefrontal cortex. The effect size (Cohen’s d) for 
psychopathy (including both functional and structural studies) was -0.56, indicating a good fit for 
an association between psychopathy and prefrontal abnormalities, although their sample of 
studies for psychopathy was small (N = 9).  	  
 Since Yang and Raine’s (2009) meta-analysis, more studies have focused specifically on 
the relationship between the reduction in the prefrontal cortex and psychopathy. Gregory et al. 
(2012) found that individuals with psychopathy, compared to antisocial personality disorder and 
controls, demonstrated significantly reduced grey matter volumes bilaterally in the anterior 
rostral prefrontal cortex. Similarly, at least three studies found that psychopathy was associated 
with decreased grey matter (Ermer et al., 2012, De Oliverira-Souza et al., 2008) and area 
measurements (Dolan, Deakin, Roberts, & Anderson, 2002) in a variety of brain areas, including 
the orbitofrontal cortex. Bertsch et al. (2013) observed volumetric reductions in the dorsomedial 
prefrontal cortex in addition to the posterior cingulate/precuneus. Dolan et al. (2002) also found 
smaller dorsomedial prefrontal cortex area measurements. Howner et al. (2012) found that 
psychopaths had thinner cortex in the entire right hemisphere, bilaterally in the temporal lobes, 
and trended towards thinner cortex bilaterally in the frontal lobes, although the p values only 
approaching significance (left: p=0.072 right: p=0.064). Craig et al. (2009) examined the 
integrity of the uncinate fasciculus (UF) in psychopaths, which links the amygdala and the OFC 
and found significantly reduced integrity compared to controls. They also found a negative 
correlation between UF integrity and antisocial behavior. This finding indicates that even beyond 
mere functional or structural differences in the amygdala and orbitofrontal cortex, the 
connections between implicated brain areas may very well also be dysfunctional.  
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While findings are generally consistent in finding structural frontal impairments in 
psychopaths, null findings have been reported.  At least one study (Dolan et al., 2002) found no 
significant differences in frontal volumes between a psychopathic group and controls, noting that 
the psychopathic subjects had significantly larger dorsolateral prefrontal volumes. Given the 
general trend towards volumetric reduction, heterogeneity in findings need to be recognized and 
moderators examined in future meta-analyses. 	  
Functional MRI	  
Dovetailing with the structural MRI studies, fMRI studies have generally demonstrated 
reduced prefrontal cortex functioning in psychopaths.  In a review based on 15 functional 
neuroimaging studies, Pridmore, Chambers and MacArthur (2005) conclude that there is 
evidence for dysfunction in specific frontal and temporal lobe areas in psychopathy. Yang and 
Raine (2009) reported a medium effect size (d = -.056) in 9 functional and structural studies of 
psychopaths that was statistically non-significant (p = .16), very similar to the effect size of the 
34 others studies of antisocial populations that did yield a significant effect size of d = -.62. It is 
likely that the small number of studies of psychopaths resulted in lack of power and failure to 
document statistical significance of this effect.  
Since this meta-analysis, there has been further support for reduced frontal functioning in 
psychopaths. Prehn et al. (2013) found that emotionally hypo-reactive offenders with 
psychopathic traits showed reduced prefrontal functioning when regulating their behavior to 
choose “safer” alternatives in a task, and also showed diminished rostral anterior cingulate 
cortical activation in response to uncertainty. Psychopaths also show reduced activation in the 
ventromedial prefrontal cortex, when viewing emotional expressions and people being hurt 
(Marsh et al., 2013; Decety, Michalska, & Akitsuki, 2008). 	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Some studies hint at subtleties in results as well as null findings. For example, Bjork, 
Chen, and Hommer (2012) found that activity in the anterior cingulate cortex and the middle 
frontal cortex during reward anticipation was positively correlated with PPI (Psychopathic 
Personality Index, a measure of psychopathy) scores. This indicates a heightened sensitivity to 
rewards.  Furthermore, beyond mere impaired functioning in the brain area itself, at least one 
study has suggested that reduced functional connectivity, like the structural connectivity 
identified by Craig et al. (2009), may play an important part in psychopathy (Motzkin, Newman, 
Kiehl, & Koenigs, 2011). They found reduced functional connectivity between the ventromedial 
prefrontal cortex and amygdala, and ventromedial prefrontal cortex and anterior temporal lobe. A 
distinctively contradicting study (Muller et al., 2003) used fMRI and found that psychopaths, 
when viewing negative images (e.g. wounded people, threatening faces), showed increased 
activation in prefrontal regions (and the amygdala), whereas positive contents resulted in 
reduced activation in the right medial frontal and medial temporal regions.   
Overall, as with structural imaging, fMRI studies generally trend in the direction of 
reduced frontal functioning in psychopaths. There are nevertheless context-related nuances in 
findings that cannot be ignored and make it difficult to draw firm conclusions. Future studies 
such as the passive viewing one conducted by Muller et al. (2003) would be helpful in 
identifying specific circumstances in which the psychopathic brain functions differently to 
controls.	  	  
Adolescents with Callous-Unemotional Traits	  
Understanding of the etiology of psychopathy is an ongoing process, but increasingly in 
recent years, attention has turned towards its development by looking at the children who may 
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grow up to become psychopaths (e.g. Barry et al. 2000). Children and adolescents with 
disruptive behavioral disorders (DBD), such as conduct disorder (CU) or oppositional defiance 
disorder (ODD) have been a population of interest as possible “psychopaths in the making.” 
More recently, these children have been recognized as heterogeneous, with a specific subset 
displaying high levels of callous-unemotional (CU) traits  and who exhibit particularly 
aggressive and stable trajectories of antisocial behavior (Frick, 2009), a pattern similar to adult 
psychopaths (also Kahn, Frick,  Youngstrom, Findling, & Youngstrom, 2012).  Relatively 
pessimistic views of treatment possibilities for adult psychopaths (e.g. Harris & Rice, 2006) have 
led to a refocusing on a perhaps less refractory population, DBD children with CU traits 
(Anderson & Kiehl, 2014).	  
Research has used the same brain imaging techniques (i.e. functional MRI, structural 
MRI) to parse neural abnormalities in such adolescents and children (Marsh et al., 2013). 
Identifying abnormal neural substrates and at what time point those abnormalities develop could 
in theory better inform treatment, and could change current juvenile adjudication processes. 
There is a fairly large body of neural imaging research on CD children (e.g. Huebner et al., 2008, 
Fairchild et al., 2013), but much fewer on the subset of DBD children with CU traits. In the 
context of the review below, it must be borne in mind that this is a recent and developing field, 
and as such firm conclusions cannot as yet be drawn.	  	  
Amygdala	  
 The most consistent findings, with few exceptions, is that the amygdala in psychopathic-
like adolescents echoes the functional deficiencies of the amygdala in adult psychopaths. 
Adolescents with conduct problems and callous-unemotional traits show less amygdala 
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responsiveness to fearful faces (but not other emotional expressions) compared to healthy 
controls (Marsh et al., 2008; Jones, Laurens, Herba, Barker, & Viding, 2009; White et al. 2012; 
Lozier, Cardinale, VanMeter, & Marsh, 2014) and compared to children with conduct problems 
but low callous-unemotional traits (Viding et al., 2012). Several studies have used other methods 
to measure emotion processing and interpretation (Sebastian et al., 2012; Marsh et al., 2013). 
Sebastian et al. (2012) showed story panels with cartoon characters, and asked the subjects to 
infer how a story character would react to their companion’s affective state based on the story 
line. CU traits were significantly and negatively associated with amygdala response to these 
affective scenarios while conduct problem symptoms were positively associated.  Marsh et al. 
(2013) used photographs of pain-inducing injuries as stimuli, and asked subjects to either 
imagine the pain happening to themselves or to others; reduced activation in the amygdala was  
associated with higher psychopathic traits.  
 In contrast to functional imaging, there have been null findings regarding the structural 
integrity of the amygdala in children with CU traits (Wallace et al. 2014; De Brito et al., 2009). 
While Wallace et al. (2014) did find reduced amygdala volumes in children with CD, no effects 
were found for CU traits. Similarly, Fairchild et al. (2013) note reduced amygdala gray matter 
volume in adolescents with CD, but no significant differences associated with CU traits.  
Overall, studies on structural integrity of the amygdala are currently too few to draw firm 
conclusions. In contrast, the more robust finding to date in this area is amygdala hypoactivity 
when processing emotional or empathy-inducing stimuli in psychopathic-like children and 
adolescents.   Impaired empathy and/or facial expression recognition are both risk factors for 
antisocial behavior (Shirtcliff et al., 2009; Blair, 2003) and also bear on the core features of 
callous-unemotional traits. What has not been addressed in the literature is whether amygdala 
13 	  
under-responsivity predisposes to callous-unemotional traits, or alternatively whether these traits 
result in down-regulation of the amygdala and have a different etiology. 	  
Prefrontal Cortex	  
 The literature based on the prefrontal cortex and its role in psychopathy in children and 
adolescents is just beginning to develop, with a particular scarcity of structural MRI studies. Two 
studies found that psychopathic incarcerated adolescents had decreased grey matter volumes in 
the orbitofrontal cortex (Ermer et al., 2012; Cope, Ermer, Nyalakanti, Calhoun, & Kiehl, 2014). 
In contrast, De Brito et al. (2009), found increased grey matter concentration in the medial 
orbitofrontal cortex (and anterior cingulate cortex) of boys with elevated CU traits. This finding 
led De Brito et al. (2009) to note that normal cortical maturation involves grey matter loss, and 
consequently their finding of increased grey matter in their juveniles may reflect a delay in 
prefrontal maturation. Indeed, because an inherent and unique quality of juvenile brains 
compared to adults is their ongoing maturation, De Brito’s (2009) theory is one that would not 
necessarily appear in the adult literature. 	  
Functionally, Finger et al. (2008) showed abnormal ventromedial prefrontal  functioning 
during probabilistic reversal tasks in youths (aged 10-17) with psychopathic traits. Reversal 
learning tasks require the subject to switch a response once a previously reinforced, rewarded 
response to a stimulus is no longer reinforced. Reversal errors refer to continuing to choose the 
first reinforced response, rather than switching over to the newly reinforced response. Analysis 
of the functional MRI results demonstrated that during punished reversal errors, children with 
psychopathic traits showed increased activity bilaterally in the medial frontal gyri. This shows 
that psychopathic traits are associated with abnormal processing of reinforcement information. 	  
14 	  
White et al. (2013) found abnormal ventromedial prefrontal cortex functioning in CD 
children during a decision making task, but found no differences between subjects with high or 
low CU traits. Finger et al. (2011) compared teenage subjects with DBD disorders (mean 
age=14.1 years) to healthy controls (mean age=13.1 years) and found hypoactivity in the 
orbitofrontal cortex in response to early stimulus-reinforcement exposure and rewards. The 
psychopathic teens thus demonstrated reduced neural activity during the portion of the task when 
it was necessary to form stimuli-reinforcement associations, and also when they completed the 
task correctly, and were thus “rewarded.”   
Overall, structural and functional impairments to the ventromedial prefrontal cortex and 
the orbitofrontal cortex have been documented in adolescents with callous-unemotional traits. 
The lack of consistent trends in adolescents, perhaps more so than in adults, may either reflect 
neurodevelopmental processes which are more ongoing in adolescents compared to adults, or 
alternatively may reflect the reality that callous-unemotional traits in adolescents are only part of 
the larger constellation of traits that are used to measure adult psychopathy, and this comparison 
of findings across these age-groups are not strictly comparable. 	  
Summary of Imaging Findings in Adolescents and Adults	  	  
With some exceptions, the majority of studies to date have demonstrated reduced 
function, volume, and connectivity in the frontal cortex and the amygdala in psychopathic adults 
and adolescents, two brain areas strongly implicated in prosocial behavior and moral decision-
making. The amygdala is an important paralimbic structure that is necessary for emotion 
recognition (particularly negative emotions), and fear conditioning—two areas in which 
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psychopaths have been shown to be deficient. Impaired amygdala functioning and structure 
would lead to antisocial behavior because cues such as fear of punishment, or aversion to causing 
fear/pain are not felt as deeply. The prefrontal cortex is implicated in a number of functions that, 
if impaired, would have significant influence on tendency towards antisocial behavior, including 
executive functioning, impulse control, moral decision-making, reward and punishment 
processing, behavioral inhibition, and planning for the future. Lesion studies from neurology 
strengthen the hypothesis that structural damage to the ventral prefrontal cortex leads to acquired 
symptoms of sociopathy (Barrash, Tranel, & Anderson, 2000; Bechara, Tranel, & Damasio, 
2000; Young et al., 2010), which in turn suggests that the correlation between psychopathy and 
prefrontal cortex impairments found in brain imaging studies is consistent with a causal model.	  
The topic of children with psychopathic-traits is a controversial one, given the stigma 
associated with the label. Based on neuroimaging findings, there is support for extending the 
psychopathy construct into juveniles. Like adults, the prefrontal cortex in juveniles with high CU 
traits demonstrates reduced structural integrity and functioning. Despite null structural findings 
in the few studies conducted to date, significant functional deficits have been documented.  The 
presence of neural abnormalities in children with psychopathic traits validates the notion that the 
construct of psychopathy can be extended into adolescents, and even young children.	  
There is little question that a growing body of basic science imaging research is 
documenting brain differences in adult psychopaths, and as noted above, increasingly in 
psychopathic-like adolescents. The challenge arises in sensibly evaluating whether this 
knowledge could or should receive application within the criminal justice system - now or in the 
future. The next section aims to address this controversial issue with respect to how such 
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imaging data might be used to predict future offending, modify our retributivist perspective on 
offenders, and even result in new treatment approaches.  
Punishment, Prediction, and Intervention: Implications for Criminal Justice	  
 Due to high recidivism rates, repeat interactions with the criminal justice system, 
heightened violent behavior, and research indicating little effective treatment for adult 
psychopathy, this sub-group of offenders provide significant practical and theoretical challenges 
for the criminal justice system. Unfortunately, the characteristics and interpersonal and affective 
deficits of psychopathy often contribute to severe and persistent offending behavior (Seara-
Cordoso & Viding, 2014), resulting in lingering questions for the criminal justice system on how 
to effectively handle, address and prevent psychopathic offending. Correspondingly, research 
concerning functional and structural neural deficits of psychopaths in brain areas directly 
involved in emotion recognition, decision-making, morality, and empathy, has generated 
dialogue on the means by which this research on psychopathy may inform, affect, and influence 
many questions and challenges for the criminal justice system. These issues include the role and 
use of brain imaging evidence in court, possible effects on perceptions of an adult psychopath’s 
moral and legal responsibility or punishment, how this research may inform assessments of 
dangerousness and risk, and how traditional punishments may be ineffective for adult 
psychopaths. 	  
As this review has tentatively established that adult and juvenile psychopaths exhibit 
similar neural deficits, it is likely that this existing dialogue can inform similar discussions 
relevant to juvenile psychopathic offenders. There has been significant discussion surrounding 
how this neural research may influence conceptions of adult psychopathic offending, but there 
has been less on its possible implications for juvenile psychopathic offending.  Thus, the research 
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included in this paper is potentially most impactful in discussing possible implications for the 
punishment, prediction and possible methods of intervention concerning juvenile psychopathic 
offenders in the criminal justice system. After briefly reviewing the literature on how brain 
research potentially affects, aids or informs the punishment, prediction, and possible 
interventions for adult psychopathic behavior, implications for juvenile psychopathic offenders 
in these same areas of the criminal justice system will be discussed, a review structure adopted 
from Glenn and Raine (2014).	  
Adult Psychopaths in the Criminal Justice System	  
Punishment	  
In general, research on the punishment and sentencing of adult psychopaths has shown 
that they often receive harsher, longer and more retributive sentences than other offenders 
(Medina & McCranie, 2010; Gazzaniga, 2011). They are often seen as much more dangerous 
and violent than other offenders, highly likely to recidivate, and unable to be treated, which can 
have significant effect on the legal decisions rendered to them (Lyon & Ogloff, 2000; Skeem et 
al., 2011). Yet, some scholars have argued that brain research on this disorder has demonstrated 
that these traditional, harsher punishments for psychopathic offenders may be ineffective and 
obsolete for several reasons (Aharoni et al., 2007; Morse, 2008). 	  
First, it has been thought that psychopaths are less able to associate their actions with 
related punishment and are less sensitive to punishment (Fowles, 1980; Lykken, 1995). As 
shown above, research has demonstrated that psychopaths have structural and functional 
impairments to the prefrontal cortex, including the ventromedial prefrontal cortex, and the 
amygdala, both involved in the normal development of punishment association and reward and 
punishment processing (Baxter & Murray, 2002; Wallace et al., 2014). This potentially provides 
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evidence that psychopaths may be not be deterred from offending or reoffending by severe 
punishments due to these impairments. Thus, traditional punishments may not be effective for 
psychopathy because psychopaths are insensitive to the idea of retribution (Aharoni et al. 2007). 
This also connects to past findings indicating that retributive attitudes often foster cooperative 
and prosocial behavior (Boyd & Richerson, 1992; Fowler, 2005; Kurzban et al., 2007), 
tendencies which psychopaths do not exhibit.	  
Second, psychopaths are impaired in moral judgment. Research has illustrated that adult 
psychopaths have functional and structural neural impairments in regions involved in normal 
moral processing and decision-making, and empathy (Pridmore, Chambers, & MacArthur, 2005; 
Glenn, Raine & Schug, 2009; Yang et al., 2009). This has led some scholars to conclude that due 
to these deficits and the incapacity to understand and act according to moral reasons, “severely” 
psychopathic individuals are inherently incapable of formulating moral responsibility for their 
actions and understanding the moral principles of criminal law (Levy, 2007; Morse, 2008). 
Therefore, traditional punishment is obsolete and they should not be legally blamed or punished 
for their behavior in the justice system (Levy, 2007; Morse, 2008; Glenn, Raine, & Laufer 2011). 
Glenn, Raine and Laufer (2011) argue, instead, these individuals should be handled by other 
forms of social control, such as involuntary civil commitment (Morse, 2008). There have also 
been questions as to whether less “severe” psychopaths should also be excused in the ways 
discussed above. Morse (2008) argues different jurisdictions would have to make decisions on a 
case-by-case basis on whether individuals considered “less severe” psychopaths should be 
traditionally adjudicated and sentenced. He suggests some “less severe” psychopaths would still 
be “subject to blame and punishment” (Morse, 2008). 
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However, other literature, although acknowledging the incapability of psychopaths to 
properly formulate or understand moral responsibility, has argued that psychopaths are still 
criminally responsible for their acts and should be accordingly adjudicated and punished within 
the criminal justice system irrespective of the cause of their moral incapacitation (Levy, 2011). 
Thus, there is a lack of consensus regarding to what degree psychopaths are legally or morally 
culpable for their behavior and what types of punishments or social control should be utilized. 
Evidence concerning neural abnormalities and processing deficits identified in 
psychopaths and its role, relevance, and use in the courtroom has also created discussion and 
divided opinion. This evidence is often described as a “double-edged” sword (Barth 2007), 
meaning evidence can seen as either a mitigator or aggravator when determining level of 
responsibility and corresponding sentence for offenders in court. Nevertheless, robust data on 
exactly how this type of evidence has been used in court as a mitigator or aggravator do not exist 
(Morse & Newsome, 2013), and imaging data in capital cases is almost always brought in by the 
defense, and rarely if ever by the prosecution (Kolla & Brodie, 2012). However, in non-capital 
cases, judges are not usually guided by legal doctrine on the types of evidence that should be 
considered either aggravating or mitigating. They are also not guided on how much weight 
should be put on brain or neuroimaging evidence (Morse & Newsome, 2013). In capital cases, 
juries do have guidelines regarding mitigating or aggravating factors, but they are often 
ambiguous (Morse & Newsome, 2013). Thus, courts are often left to interpret what constitutes 
either mitigating or aggravating evidence. 
As a mitigator, evidence of neural abnormalities may be presented to identify or explain 
the underlying reasons for or origins of behavior, and to demonstrate that this behavior is out of 
the individual’s control due to the biological abnormalities (Monterosso, Royzman & Schwartz, 
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2005). This may potentially reduce punishments defined as retributive in nature, as one would be 
found to be in less control of one’s behavior and therefore less culpable for one’s corresponding 
actions. As an aggravator, evidence of neural impairments may be presented to portray an 
individual as unchangeable due to the biological abnormalities, and therefore, dangerous and 
likely to recidivate (Snead, 2007).  This would potentially increase utilitarian punishments aimed 
at the safety of the community, as one would be found inherently dangerous, untreatable, and 
therefore should be incapacitated or regulated for the welfare of the public (Aspinwall et al., 
2012).  
To assess these principles surrounding psychopathy, Aspinwall, Brown, and Tabery 
(2012) studied the effect of evidence concerning genetic factors, abnormal brain development, 
and amygdala dysfunction of psychopathy on the severity of punishment rendered by U.S. state 
trial judges and the judges’ classification of psychopathy as an aggravating factor. Findings 
showed that before the evidence was presented, judges rated an individual’s psychopathy as an 
aggravating factor. However, the presentation of biomechanism evidence surrounding 
psychopathy significantly reduced sentencing severity and the extent to which judges classified 
psychopathy as an aggravating factor in their sentencing decisions (Aspinwall et al., 2012). 
Similar to discussions about degrees of moral and legal responsibility for psychopaths, one judge 
who viewed the evidence as a mitigating factor commented, “The evidence that psychopaths do 
not have the necessary neural connections to feel empathy is significant. It makes possible an 
argument that psychopaths are, in a sense, morally 'disabled' just as other people are physically 
disabled. I have received and considered such evidence in past trials” (Aspinwall et al., 2012, p. 
847). These findings demonstrate that at least in some instances, biological evidence on 
psychopathy does have the ability to affect and mitigate traditionally harsh or “aggravated” 
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sentences of psychopaths, and some judges do consider the abnormalities of neural structure and 
processing in psychopaths as they relate to emotional and moral deficits as a persuasive and 
mitigating factor in their sentencing of these individuals.	  
 The literature has also covered the possible use of brain imaging evidence in cases 
involving adult psychopathic offenders. Although courts have regularly allowed the presentation 
of brain imaging data, specifically CT, MRI, PET, and SPECT evidence, as related to 
neuropathology or proof of brain injury in some criminal cases, its use has been far rarer in cases 
where the evidence is used in responsibility determination or sentencing in an attempt to explain 
the underlying reasons for an antisocial or criminal act (Moriarty, 2008). Courts are still debating 
the relevance and role of this data in the courtroom, whether it should be admissible, and how it 
could adversely affect jury or judge decision-making (Farah, 2004; Mobbs, Lau, Jones, & Frith 
2007; Fabian, 2010).  
Even so, brain imaging evidence demonstrating structural and functional impairments in 
regions involved in impulse control, emotional processing, morality, empathy and other 
behaviors, such as those exhibited in psychopathy, does generate significant questions regarding 
the moral responsibility of adult offenders and has the potential to make useful contributions to 
legal decision-making (Yang, Glenn, & Raine, 2008; Fabian, 2010). Glenn and Raine (2009) 
argue if properly presented, neuroimaging data could be valuable and informative in some cases, 
including those involving psychopathic offenders, in the future. Yet Glenn and Raine (2009) also 
agree with the consensus view that brain-imaging evidence should be handled and utilized 
carefully and appropriately, and that at the current time, brain imaging may currently lack the 
levels of diagnostic and predictive accuracy required by the legal system. Yet, that also creates 
the scientific and legal question of how much neuroimaging evidence will be required in order to 
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meet these thresholds for appropriate use in the legal system. Thus, it is crucial for the criminal 
justice system to fully understand the limitations of the evidence before its use (Mobbs, Lau, 
Jones, & Frith, 2007). 
Prediction  
Although there has been some debate on the ability of psychopathy to effectively predict 
offending (Coid, Ullrich, & Kallis, 2013), the literature has largely indicated that scores on 
psychopathy assessments predict both violent and non-violent offending, albeit imperfectly 
(Kiehl & Hoffman, 2010; Richards, Casey, & Lucente, 2003; Cornell et al., 1996; Harris, Rice & 
Cormier, 1991). As psychopathy recidivism rates are high, there have been calls for the 
dedication of resources and research on how neural correlates and deficits associated with 
psychopathy may be able to aid in creating even more accurate and effective predictive tools and 
measures for violence and recidivism of psychopathic offenders in the future (Nadelhoffer et al., 
2010).  
Two brain imaging studies have documented proof of concept that brain imaging may in 
the future aid prediction of offending. Pardini at el. (2014) documented that high-risk community 
males with reduced amygdala volumes at age 26 were three to four times more likely to commit 
a violent act three years later. Aharoni et al. (2013) found that released prisoners with reduced 
activity in the Anterior Cingulate Cortex (ACC) were twice as likely to recidivate over a four 
year span compared to released offenders with high ACC activity.  Both studies showed 
predictive utility from brain imaging data over and above prior history of violence, psychopathic 
behavior, and other non-brain predictors of violence. No study to date however has shown the 
long-term predictive utility of brain imaging data with respect to offending in juveniles. 
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Kiehl (2006) has argued that the identification of neural deficits associated with 
psychopathy, especially in the paralimbic system, may be as effective as identifying risk factors 
in traditional assessments and measures of psychopathy. Further, Glenn and Raine (2009) have 
argued that the neural deficits related to psychopathy should be considered risk factors, likened 
to other psychological and social factors for antisocial or criminal offending. Current risk 
assessment tools, which evaluate different risk factors to estimate the risk of future offending, are 
widely used in the criminal justice system, but the overall predictive accuracy of these actuarial 
risk assessment instruments has been widely debated (Hart, Michie, & Cooke, 2007; Yang, 
Wong, & Coid, 2010; Fazel et al., 2012). Generally across instruments, it has often been reported 
that the positive predictive value of these instruments is no better than chance (Hart, Michie, & 
Cooke, 2007; Fazel et al., 2012). Nevertheless, some evidence suggests that instruments for 
assessing violent offending may have better predictive power compared to tools for general or 
sexual offending, although their accuracy has only been noted at a low to moderate level (Yang, 
Wong, & Coid, 2010; Fazel et al., 2012). Researchers therefore caution that assessments with 
low to moderate levels of predictive accuracy should not be used as sole evidence in legal 
decision-making, but rather in conjunction with other types of evidence (Yang, Wong, & Coid, 
2010). Thus, as current tools are seen as imperfect predictive measures for offending, 
considering neural deficits related to psychopathy as risk factors for offending (Kiehl, 2006; 
Glenn & Raine, 2009), could be helpful additional evidence for the criminal justice system and 
courts to utilize, along with existing tools, in order to more effectively assess and make decisions 
regarding an offender’s risk of future offending. 
Currently, risk assessment instruments are not generalized across jurisdictions (Schwalbe, 
2007), and there is wide variability regarding the consistency in which they are used, if at all. 
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Variability also exists in the types of instruments utilized and what sources of information are 
used during risk assessments. However, when used they are most frequently utilized by judges 
using assessments of risk in probation and sentencing decisions and guidelines. Judges, in 
consultation with probation, corrections and other areas of the criminal justice system, determine 
the format and content of risk assessment information used in court. This often includes 
measurements of pro-criminal attitudes, social supports for crime, antisocial personality patterns, 
substance abuse, family and marital relationships, and involvement in social, work, and school 
activities (Bonta & Andrews, 2007). Overall, researchers believe that current research on the 
neural abnormalities of psychopathy is at too early a stage for judges and other members of the 
criminal justice system to effectively or properly integrate it into these existing methods and 
models of prediction and risk assessment in the criminal justice system (Gazzaniga, 2011). 
Nevertheless, researchers do express optimism that this research could be one day helpful for 
aiding risk assessment and in prediction (Gazzaniga, 2011).  
Intervention	  
Although there has been some discussion about the possible efficacy of adult 
psychopathy treatment interventions, by and large there is limited evidence that current treatment 
interventions for adult psychopathy are successful (Cleckley, 1988; Hare, 2003; Harris & Rice, 
2006), and some have argued that some interventions can potentially exacerbate psychopathic 
tendencies (Harris & Rice, 2006). Yet, researchers believe brain research on psychopathy may be 
able to inform possible treatment modes in the future (Mobbs, Lau, Jones, & Frith, 2007; Glenn 
& Raine, 2009).  
For example, Glenn and Raine (2009) discuss the possibility of one day being able to 
modify or remedy the function of deficits of affected brain areas in psychopaths, 
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pharmacologically, hormonally, or through behavioral therapy. Repetitive transcranial magnetic 
stimulation (rTMS) has also been discussed as a potential non-invasive treatment method to alter 
brain function in psychopaths (Glenn & Raine, 2009; Canavero, 2014; Maibom, 2014) and recent 
initial studies on transcranial direct-current stimulation (tDCS) appears to affect risk-taking, 
moral decision-making, and feelings of guilt (Fecteau et al., 2007a; Fecteau et al., 2007b; Boggio 
et al., 2010; Karim et al., 2010). Based on initial research (Ruff, Ugazio, & Fehr, 2013) showing 
that right lateral prefrontal stimulation using tDCS enhanced compliance to social norms 
enforced by punishment (an analogue to law-abiding behavior), Glenn and Raine (2014) have 
suggested tDCS has potential implications for crime prevention, and as such may be relevant to 
the potential treatment of psychopathy.  
Overall, psychopathy researchers have voiced both optimism and pessimism, but mostly 
ambivalence, on the likelihood that neuroscience research on psychopathy will ever be able to 
aid in creating an effective treatment for psychopathy (Glenn & Raine, 2009). What could 
change that ambivalence is future advances in the treatment and prevention of psychopathic-like 
behavior in juveniles, a subject group to now which we turn.  
Juvenile Psychopathy in the Criminal Justice System: Implications	  
Moving forward, the research included in this paper, informed by the previous literature 
on adult psychopathy in the criminal justice system, raises numerous possible issues for handling 
youth offenders in the criminal justice system. Specifically, there are several potential 
implications for the punishment, prediction and possible methods of intervention concerning 
juvenile psychopathic offenders. 
Punishment 
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Research on the deficits and neurological abnormalities of juvenile psychopaths could 
possibly act as a “double-edged sword” to punishment and sentencing of juvenile offenders, as 
well as indicate the futility of traditional punishments on this population. Similar to adult 
psychopaths, juvenile offenders who have been described or labeled as psychopathic have also 
received harsher and more punitive sentences (Sharp & Kine, 2008). Labeling juvenile offenders 
as psychopaths has often led to the assumption that they pose a greater risk of reoffending and 
higher risks of violence in the future (Boccaccini et al., 2008), as the label creates the assumption 
that youth with psychopathic traits are just as unresponsive to treatment or intervention as adult 
psychopaths (Seagrave & Grisso, 2002). Therefore, treatment or other interventions may be 
denied to youth offenders with psychopathic tendencies and have possible ill effects on 
sentencing (Book, Clark, Forth, & Hare, 2013).	  
As psychopathy is seen as an aggravating factor for both adult and youth offenders, 
research indicating inherent neural and processing deficits in juvenile psychopathic offenders 
could potentially mitigate the label as well as the severe punitive sentences often administered to 
psychopathic offenders, as it was shown to do for adult psychopaths in Aspinwall et al. (2012). 
Depending on the receptiveness of a judge or a jury, this type of scientific evidence may indicate 
that the offender is incapable of normal moral and emotional processing due to these biological 
abnormalities, and therefore, is less responsible and blameworthy for their behavior. However, 
this research could also exacerbate existing harsh punitive sentences bestowed upon juvenile 
psychopathic offenders. Similar to how research of this sort could be used as an aggravating 
factor in the trials of adult offenders, evidence on neural abnormalities may be used to portray 
juvenile psychopathic offenders as more inherently dangerous or immutable and, therefore, 
unable to be treated or helped. This would increase the likelihood of even more severe utilitarian 
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punishments that aim to safeguard the welfare of the public, such as long incapacitation 
sentences in order to remove the threat from society. 	  
Neural and cognitive research on juvenile psychopathic offenders also solicits questions 
on the effectiveness of traditional punishments for these youth offenders. This review has shown 
that youth with psychopathic tendencies, like adult psychopaths, have structural and functional 
impairments to the prefrontal cortex and the amygdala. They have been found to also exhibit 
punishment insensitivity and difficulties in stopping reward-seeking behavior even when there is 
a high likelihood of severe or harsh punishment associated with the reward (Dadds & Salmon, 
2003). Thus, juvenile psychopathic offenders may also be insensitive to traditional retributive 
sentences and not be deterred by severe punishment, similar to adult psychopaths. This 
insensitivity to traditional discipline to control behavior has been shown, at least on a low level 
outside of the criminal justice system, to be true for children with CU traits who “act out” 
(Viding, Fontaine, & McCroy, 2012), as well as the lack of success for punishment-oriented 
strategies to stop or remedy behavior associated with psychopathic tendencies (Salekin, 2002; 
Caldwell et al., 2007).  
Therefore, alternative sentencing or methods of social control may be more effective for 
youth offenders with brain impairments and psychopathic tendencies than traditional 
punishments, as they have been suggested for adult psychopathic offenders (Glenn, Raine, & 
Laufer, 2011; Morse, 2008). Although research is inconsistent, there has been some discussion 
about the potential effectiveness on the reward-oriented behavior of youth with psychopathic 
tendencies to promote, encourage and reward pro-social behavior instead of punitive or 
disciplinary methods (Viding, Fontaine, & McCroy, 2012; Frick et al., 2014). Other research has 
suggested that intensive interventions specifically tailored to the behavioral problems of 
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individual youth with elevated callous-unemotional traits may be effective (Frick et al., 2014). 
Moving forward, alternative sentencing methods, such as interventions that stress rewarding pro-
social behavior and cooperation rather than punishment-oriented sentences, could be useful for 
youth offenders with psychopathic tendencies in attempts to change behavior. However, the 
criminal justice system is currently far off from being able to provide those types of services to 
youth offenders.	  
Although the broad consensus is that it may be too early to effectively and appropriately 
use brain imaging evidence in criminal trials to address the issue of legal responsibility as the 
law currently stands, it may one day have the potential to make useful contributions to legal 
decision-making in cases involving adult psychopaths (Yang, Glenn, & Raine, 2008; Fabian, 
2014). However, its use in criminal trials involving juvenile psychopathic offenders brings in 
issues that may not be relevant to trials involving adult psychopaths. One such issue concerns 
findings that have indicated that the prefrontal cortex - which is implicated in impulse control, 
risk taking, decision-making, and many other risk factors for antisocial behavior - in normal 
juveniles continues to rapidly develop and mature after the age of 18 and well into an 
individual’s 20’s and 30’s (Giedd, 1999; Sowell et al., 2001). Therefore, the argument is that 
juveniles may not be able to exercise the same level of decision-making or impulse control as 
that of adults until their brains have fully matured. This research has aided the overturning of the 
death penalty for juveniles in 2005 (Roper v. Simmons 2005). 	  
At the same time, structural and functional deficits of the prefrontal cortex are also 
impairments exhibited by juvenile psychopaths. One may imagine that if brain imaging data on 
the prefrontal cortex were introduced as evidence in a trial involving a juvenile psychopathic 
offender in an attempt to show impairments to decision-making or impulse control due to 
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psychopathy, it would be very difficult, if not impossible, for juries and judges to identify what 
neural characteristics may be causally connected to psychopathy or may just be related to normal 
brain development as an adolescent. In either case, the evidence could be used to argue that an 
offender’s decision-making and moral thinking are impaired. However, if jurors or judges 
believe that neural characteristics are caused by psychopathic behavior, rather than normal 
adolescent brain development, that may affect their decisions on sentencing or attitudes towards 
treatment alternatives.  
Similar to concerns surrounding DNA evidence and other technical scientific evidence 
(Hans, 2007), there are already worries about the abilities of juries and judges to understand 
brain-imaging data and appropriately and effectively utilize it in their decision-making (Farah, 
2004; Mobbs, Lau, Jones, & Frith, 2007; Fabian, 2010). Judges and, particularly, juries often 
have trouble making statistical inferences from scientific evidence, such as understanding 
falsifiability and error rate, which in turn could undermine their decision-making (Gatowski et 
al., 2001; Kaye et al., 2007). The use of this data in trials involving juvenile psychopathic 
offenders would likely add an additional burden to these existing concerns.  
The counter-perspective is that understanding error rates is inherent in the risk 
assessments that occur all the time in courts, and that imaging research is no more complex than 
some other areas of forensic science brought into the courtroom by expert witnesses. As the 
public are becoming increasingly familiar with brain imaging in newspapers, magazines, and 
even TV, and as the judiciary become increasingly familiar with the strengths and limitations of 
neuroscience through seminars organized by AAAS, the MacArthur Foundation, and state-wide 
judicial educational institutes, using brain imaging to obtain objective information on brain 
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maturity and cognitive/emotional capacity could become no less important than having an IQ test 
to help assess intellectual disability. 
Prediction 
 Regarding prediction, the research reviewed in this paper is likely most applicable to 
discussions surrounding the utility of juvenile psychopathy for anticipating future offending in 
two main areas: offending in adulthood (after the age of 18) and offending later in adolescence 
and before adulthood (age 18 or younger). In most states, an offender age 18 or younger is 
legally considered a juvenile offender. 
For offending in adulthood, the current literature demonstrates uncertainty on whether 
identifying neural deficits and psychopathic tendencies in juvenile psychopaths may be useful or 
effective in the long-term prediction of psychopathic behavior and offending after the age of 18. 
On one side, some research has argued that the neural deficits and behaviors of juvenile 
psychopaths are stable, long-term factors that lead to adult psychopathic behavior and offending 
(Loney et al., 2007; Pardini et al., 2014; Anderson & Kiehl, 2014). Since juvenile psychopaths 
share many of the same neural deficits and personality characteristics documented in adult 
psychopaths, as suggested by this review, many have reported that the deficits and behaviors of 
juvenile psychopathy should be considered a developmental antecedent to adult psychopathy 
(Barry et al., 2000; Lynam et al., 2005; Lynam et al., 2007; Frick, 2009). On the other side, many 
recent studies have concluded that assessments of juvenile psychopathy have been largely 
ineffective in predicting adult psychopathic offending (Cauffman, Kimonis, Dmitrieva, & 
Monahan, 2009; Edens & Cahill, 2007; Stockdale, Olver, & Wong, 2010; Gretton et al., 2004) 
and many individuals who exhibit psychopathic tendencies as children do not exhibit these 
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tendencies in adulthood (Lynam, Caspi, Moffitt, Loeber, & Stouthamer-Loeber, 2007; Skeem et 
al., 2011).  
Although there is little consensus on how juvenile psychopathy may anticipate 
psychopathic behavior and offending after the age of 18, both sides of the literature have 
implications for juvenile psychopathic offenders within the criminal justice system.  If juvenile 
psychopathy, and corresponding neural abnormalities and processing, provides long-term 
prediction with acceptable accuracy of adult psychopathic behavior and criminal offending, then 
judges or juries adjudicating youth offenders with psychopathic tendencies may view or label 
them as “life long” psychopaths, rather than juvenile offenders. They may believe that these 
offenders are beyond help, similar to adult psychopaths, and solely focus on punitive sentences 
and incapacitation in order to prevent adult future offending (Lyon & Ogloff, 2000; Skeem et al., 
2011). On the other hand, if juvenile psychopathy does not predict either psychopathy or 
offending in adulthood, juvenile psychopathic offenders may be less likely to be perceived or 
labeled, as they are currently, as inherently dangerous or not amenable to treatment (Book, Clark, 
Forth, & Hare, 2013). These views could affect the type and severity of the sentence, as 
individuals may be much more open to sentencing alternatives for these offenders, including 
treatment interventions. Juveniles would also be less likely to be transferred to adult courts 
(Skeem et al., 2011), as it would be unclear if these behaviors or reoffending would continue into 
adulthood. 
 However, in cases of juveniles offending later in adolescence, there is general support 
that the presence and assessment of psychopathic tendencies in juveniles has been shown to be 
effective in short-term prediction of offending and recidivism at age 18 or younger (Edens & 
Campbell, 2007; Edens, Campbell, & Weir, 2007; Stockdale, Olver, & Wang, 2010; Asscher et 
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al., 2011). Asscher et al., (2011) argues that recidivism for juvenile psychopathic offending 
before the age of 19 can be predicted at around age 10 to 12. So although it is unclear if it is an 
effective predictor for long-term offending in adulthood after the age of 18, it appears juvenile 
psychopathy does provide an effective measure for predicting future offending and recidivism 
before the age of 19. Therefore, identifying neural deficits and psychopathic tendencies in 
juvenile psychopaths could be useful or effective in predicting offending of individuals in that 
age range. 
Intervention 
Recognizing that juvenile psychopathy does to some extent predict the likelihood of 
future offending in adolescence, identifying ways to treat or intervene in psychopathic behavior 
early in childhood or youth may possibly prevent years of offending as a juvenile before 
adulthood. Research on the neural abnormalities and deficient processing of juvenile 
psychopathy could potentially aid in further clarifying the etiology of psychopathy and 
identifying potential treatment interventions for juvenile psychopaths. Some possible future 
treatment interventions that have been discussed for adult psychopathy (Glenn & Raine, 2009; 
Canavero, 2014; Maibom, 2014; Fecteau et al., 2007a; Fecteau et al., 2007b; Boggio et al., 2010; 
Karim et al., 2010) have the potential to be effective for juvenile psychopathy as well.  
Yet perhaps most promisingly, recent research has demonstrated that omega-3 essential 
fatty acids supplementation could be an effective treatment intervention for improving youth 
psychopathic behavior in the long-term. Omega-3 has been known to be important for healthy 
brain development in children (Ryan et al., 2010; Schuchardt et al., 2010) and low levels have 
been implicated in poor cognitive performance and behavior in children (Montgomery et al., 
2013). Poor nutrition during pregnancy and early childhood, including lower levels of omega-3, 
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has been thought to negatively affect brain structure, function, and is associated with later 
antisocial behavior in adolescence and adulthood (Raine, 2008; Liu, 2011).  
Recently, Raine et al. (2014) reported findings from a randomized controlled trial 
showing that omega-3 supplementation results in long-term improvement in callous-unemotional 
traits in 8-16 year old children six months after the treatment ended. Furthermore, the parents of 
children receiving omega-3 supplementation showed a significant long-term reduction in their 
own psychopathic behavior. This reduction in parental psychopathy partly accounted for the 
improvement in their children’s’ callous-unemotional traits (Raine et al., 2014). As high levels of 
callous-unemotional traits are the defining measure of psychopathic-like child behavior and 
forms the basis of what is presently known about the presence and development of juvenile 
psychopathy, these results if replicated and generalized to other populations suggest that omega-
3 interventions could conceivable prevent the development of adolescent psychopathy, and 
possibly provide an alternative option for treating juvenile offenders with psychopathic features.  
Finally, in conjunction with other risk factors, research on neural deficits associated with 
psychopathy may one day help in identifying children who are at extreme risk for offending or 
future violence before entrance into the criminal justice system (Glenn & Raine, 2009), either as 
a juvenile or as an adult. Many scholars agree that the treatment of psychopathic tendencies in 
youth may be more effective if addressed and detected early, especially before the behaviors 
have expressed themselves criminally (Anderson & Kiehl, 2014; Salekin, 2002; De Brito et al., 
2009; Cohn et al., 2013). Methods of possible early identification and interventions for children 
with psychopathic tendencies that have not yet entered the criminal justice system. In addition to 
providing interventions for juvenile psychopaths who have previously offended, such methods 
could potentially protect the public from both future adult and juvenile offending, as well help 
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reduce the burden and cost to the criminal and juvenile justice systems for repeat adult and 
juvenile offenders. For example, the research on omega-3 supplementation above suggests that a 
dedication of resources for nutrition programs in schools or the subsidization of omega-3 
supplements could potentially be effective in preventing and treating future antisocial and 
psychopathic behavioral traits in adolescents before they become expressed at an adult, criminal 
level.	  
Recommendations for Future Research	  
Although the adult psychopathy literature has established abnormalities to the amygdala 
and prefrontal cortex, the literature on DBD children with CU traits needs to be extended. The 
current literature is lacking in longitudinal neuroimaging studies of such subjects, and thus it is 
an open question as to whether the neural deficits apparent in youthful psychopaths continue to 
be present in adulthood. No study appears to have taken youthful psychopaths, measured 
functional and/or structural integrity of their brains, and then followed up with the same 
procedure in adulthood.  Although Lynam et al. (2007) have begun the important effort of 
ascertaining the predictive power of youth psychopathy to adult offending, this is a relatively 
under-researched area that needs extension. It appears that there are two paths for these DBD 
children with CU traits. On the one hand, they could “outgrow” both their DBD, and their neural 
deficiencies. On the other hand, they could continue down the pathway to psychopathy. 
Carefully formulated future studies would be informative in fleshing out the developmental 
pathway of psychopathy. 	  
 What could be helpful in this regard would be expansion of the affective facet of 
psychopathy on the PCL-R and PCL-YV which currently consists of only four items (i.e., lack of 
remorse, shallow affect, callous/lacking empathy, and failure to accept responsibility). 
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Otherwise, expanding use of instruments such as the Inventory of Callous-Unemotional Traits in 
future studies regarding children with DBD may help illuminate important differences within 
that heterogeneous group. 	  
Increasing our understanding of the treatment of psychopathy is an important goal and 
the research base to date is relatively sparse. This may change.  Brain imaging research is 
providing a new vista into psychopathy and criminal behavior, and such knowledge could 
potentially help stimulate a new approach to treatment.  Attempting to address the neural 
deficiencies that appear in both adult and juvenile populations is beginning, and together with 
existing cognitive behavioral therapies could provide advances in both prevention and 
intervention. Psychopathic individuals are a specific subset of offenders with distinctive features, 
yet it remains to be seen if new biosocial treatment programs can be developed to ameliorate 
these specific features.	  
It must be recognized that the neurobiology of psychopathy is unlikely to be reduced to 
one or even two simple brain circuits centered on the amygdala and prefrontal cortex, but likely 
involves multiple brain dysfunctions and circuits that each give rise to different features of 
psychopathy. If so, there may be greater traction in brain research focused on specific traits of 
psychopathy, rather than on the more global psychopathy construct. As one example, the specific 
psychopathic feature of pathological lying and deception has been the focus of one study 
documenting increased prefrontal white matter in such individuals compared to both antisocial 
and normal control groups (Yang et al. 2005). Future research could usefully focus on other 
specific psychopathic features - for example grandiosity, irresponsibility, and lack of long-term 
planning - and widen the scope beyond the psychopathic traits of callousness and lack of 
empathy that are being increasingly researched.	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Finally, one greatly under-researched area that holds significant promise in bridging 
brain-imaging research with treatment research consists of incorporating biological measures 
into treatment programs for psychopaths and other offenders. This yields two different 
approaches. First, in a review of ten such studies of antisocial individuals using cognitive-
behavioral therapy, neuropsychological, hormonal, and psychophysiological measures at 
baseline were predictive of treatment outcome (Cornet et al., 2013). This approach could help 
identify offenders particularly amenable to rehabilitation. Second, a review of 11 behavioral 
treatment programs for antisocial behavior documents changes following treatment in biological 
risk variables for antisocial behavior, an approach which helps to identify the mechanism of 
action underlying treatment change (Cornet, Kogel, Nijman, Raine, & van der Laan, 2014). None 
of these studies included brain imaging measures, yet such future studies on psychopaths could 
significantly expand these two approaches and help move brain imaging research into the 
treatment arena.	  
Conclusion	  
This review documents that brain abnormalities, particularly structural and functional 
reductions in the amygdala and frontal cortex, have been found in both adult psychopaths as well 
as their juvenile counterparts. These implicated areas are considered key areas of the brain 
responsible for moral decision-making, affect processing, fear conditioning, and executive 
functioning. Correspondingly, both adults and juveniles who exhibit psychopathic traits 
demonstrate impaired impulse control, lack of guilt, poor empathy, fearlessness, insensitivity to 
punishment, and reward-seeking behavior. All such characteristics are risk factors that are in part 
predicated on the prefrontal and amygdala impairments observed in psychopaths, and help 
explain their recidivistic antisocial behavior. Current research also indicates relatively few 
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effective treatment options for psychopaths, although this may change in the future. Thus, 
psychopathy raises question for the criminal justice system on how to effectively handle, address 
and prevent these offenders. 
As psychopaths represent such a significant challenge for the criminal justice system, 
research concerning functional and structural amygdala and prefrontal deficits of adult 
psychopaths has spurred dialogue in recent years on if and how this brain research may be 
influential, beneficial or important in addressing adult psychopathic offending. Issues include  
how brain imaging evidence could be used appropriately in court, possible effects of these neural 
abnormalities on moral and legal responsibility and punishment, the potential use of neural 
deficits associated with psychopathy as risk factors for offending, and how this research may be 
helpful in the development of new treatment approaches. In the same realm, recognizing the 
emerging child and adolescent imaging literature documenting similar brain abnormalities to 
adult psychopaths, brain research additionally raises similar issues and implications for the 
punishment, prediction and possible methods of intervention for juvenile offenders in the 
criminal justice system. 
 The future promise of brain imaging research lies in providing new insights into the 
etiology of psychopathy that will help society navigate difficult decisions regarding the 
punishment, prediction, and prevention of these offenders. This is especially true of adolescents 
with psychopathic traits. Neurobiological research may ultimately become integral in informing 
methods to treat or intervene in psychopathic behavior early in childhood or adolescence, for 
example using nutritional interventions to change the brain to change behavior. Rather than 
accepting psychopathic individuals as immutable and untreatable, science and society should 
work to utilize neuroscience techniques to help develop innovative new treatment programs. 
38 	  
Whether this future translational science promise can be truly achieved remains to be seen. 
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